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ABSTRACT
Objectives: This study aims to evaluate the effects of bracing on the Cobb angle and sagittal spinopelvic parameters in adolescent idiopathic 
scoliosis (AIS) patients.
Patients and methods: A total of 25 adolescents (2 males, 23 females; mean age 12.7±1.6; range, 10-15 years) with AIS who received bracing 
between January 2000 and June 2017 were retrospectively analyzed. The initial and final out-of-brace radiographs of 25 AIS patients were 
analyzed with regard to the spinopelvic parameters. The pelvic incidence (PI), pelvic tilt (PT), sacral slope (SS), Cobb angle, thoracic kyphosis 
(TK), and lumbar lordosis (LL) were measured.
Results: The mean age at the initiation of bracing was 12.7±1.6 years. The mean initial Cobb angle was 31.8°±5.9°. There were no statistically 
significant differences between the baseline and the final measurements of the PI, PT, and SS. However, there were statistically significant 
differences between the baseline and the final measurements of the TK, LL, and Cobb angle. A significant correlation was observed between 
the PI and Cobb angle and TK and between the LL and SS.
Conclusion: Our study results show significant associations between the sagittal pelvic parameters and the spinal parameters during the 
brace treatment of adolescents with idiopathic scoliosis.
Keywords: Adolescent idiopathic scoliosis, brace, parameters, pelvic incidence, pelvic tilt, sacral slope, spinopelvic.
Adolescent idiopathic scoliosis (AIS) is a 
three-dimensional deformity of the spine with a lateral 
curvature of more than 10° combined with vertebral 
rotation. The AIS prevalence ranges from 0.5 to 5.2% 
in children between 10 and 18 years old.[1]
In the most previous studies on bracing of AIS 
patients, the Cobb angle was the main index used to 
evaluate the treatment effectiveness.[2-4] Recently, in 
addition to the Cobb angle, other factors such as the 
curve pattern,[5] vertebral rotation,[6] Risser sign,[7] 
lumbar lordosis (LL), thoracic kyphosis (TK), and pelvic 
parameters,[8,9] have been taken into consideration for 
the evaluation of the outcomes of bracing in AIS.
Several studies have examined the pelvic 
parameters individually in patients with spinal 
deformities and reported the relationships between 
these parameters and spinopelvic section. The pelvic 
parameters in the sagittal plane determine the 
sagittal balance, which is one of the elements used to 
determine the effectiveness of bracing treatments.[8] 
Previous studies have evaluated the relationships 
between the pelvic parameters, LL, and TK in 
different spinal deformities using different treatment 
methods.[10]
In addition to the prognostic factors used while 
evaluating the AIS bracing outcomes such as the 
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curve correction, brace compliance, Risser sign, 
and spine f lexibility, an evaluation of the pelvic 
parameters can provide a better understanding of the 
brace mechanisms of action in controlling the curve 
progression. Guo et al.[9] reported that the pelvic tilt 
(PT) and trunk inclination were predictive factors 
for the curve progression in scoliosis patients treated 
with Milwaukee braces; however, the relationships 
between the pelvic incidence (PI), PT, and sacral slope 
(SS) and Cobb angle have not yet been investigated. In 
the present study, therefore, we aimed to evaluate the 
effects of Milwaukee brace on the Cobb angle and pelvic 
parameters of AIS patients based on the hypothesis 
that bracing could alter the pelvic parameters, LL, TK, 
and lateral curvature of the spine in AIS cases.
PATIENTS AND METHODS
In this before-after clinical study, patients with 
AIS who received Milwaukee braces between January 
2000 and June 2017 were retrospectively analyzed. 
Inclusion criteria were as follows: AIS patients with 
10 years old and before skeletal maturity at the 
initiation of bracing; receiving Milwaukee brace 
(Figure 1); having ongoing brace treatment for at 
least six months prior to study;[11] and an initial 
curve magnitude of 20° to 45°. Exclusion criteria 
were as follows: having a history of any surgery 
on the spine or pelvic girdle; lacking appropriate 
standing full-length lateral and posteroanterior 
out-of-brace radiographs of acceptable quality at 
the baseline and final assessment; and a history 
of any prior treatment. Of 27 patients screened 
at baseline, two were excluded due to insufficient 
clarity of radiographs. The brace compliance was 
measured subjectively through patients’ medical 
reports and appearance of the brace. Finally, a 
total of 25 adolescents (2 males, 23 females; mean 
age 12.7±1.6; range, 10-15 years) with AIS were 
included in the study. A written informed consent 
was obtained from each patient and/or his/her 
legal guardians. The study protocol was approved 
by the Iran University of Medical Sciences Ethics 
Committee (No. 1396.9411502004). The study was 
conducted in accordance with the principles of the 
Declaration of Helsinki.
Radiographic measurements
The full-length upright standing lateral and 
posteroanterior radiographs of each patient were 
evaluated with regard to the following measurements: 
1. The PI defined as the angle between the 
perpendicular line to the sacral plate and line 
joining the midpoint of the sacral plate and 
axis of the femoral heads.[8]
2. The SS defined as the angle between the sacral 
plate and horizontal line.[8]
3. The PT defined as the angle between the 
vertical line and line joining the midpoint of 
the sacral plate and axis of the femoral heads 
(Figure 2). The PT is positive when the hip axis 
lies in front of the sacral plate midpoint.[8]
4. The TK defined as the angle between the upper 
endplate of the T4 vertebra and lower endplate 
of the T12 vertebra.[12]
5. The LL defined as the angle between the upper 
endplate of the L1 vertebra and upper endplate 
of the S1 vertebra.[12]
6. The scoliosis Cobb angle defined as the angle 
between the perpendicular lines from the 
upper endplate of the most tilted superior 
vertebra and lower endplate of the most tilted 
inferior vertebra.
The initial and final out-of-brace radiographs of 
the patients who completed their treatments were 
used to assess these parameters. For the patients who 
did not complete their treatments, the initial and 
post-treatment six-month out-of-brace radiographs 
Figure 1. The Milwaukee 
brace for adolescent idiopathic 
scoliosis.
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were included in the analysis. All measurements were 
obtained by a single investigator under the supervision 
and training of an orthopedic surgeon. 
Statistical analysis
Power analysis was performed using the G*Power 
3.1.9.2 version (Heinrich-Heine-Universität Düsseldorf, 
Düsseldorf, Germany) software (Figure 3). The sample 
size was calculated on a priori analysis of differences 
between two dependent means (matched pairs).[13] A 
priori analysis showed that for a minimum power of 
0.8, an alpha (α) error of 0.05, and an effect size of 0.5, 
a total of 27 cases were required.
Statistical analysis was performed using the 
PASW version 17.0 software (SPSS Inc., Chicago, 
IL, USA). Descriptive data were expressed in mean 
± standard deviation (SD), median (min-max) or 
number and frequency. The normality of the data was 
evaluated using the Shapiro-Wilk test. To compare 
the mean values of the PI and the PT at baseline 
and final measurements, the Wilcoxon signed-rank 
test was used. The differences in the SS, Cobb angle, 
LL, and TK values between the baseline and the 
final measurements were assessed using the paired 
samples t-test. The Spearman correlation analysis 
was used to identify the relationships between the 
variations in the spinal parameters, such as the 
Cobb angle, TK, and LL, and the variations in the 
pelvic parameters. A p value of <0.05 was considered 
statistically significant.
RESULTS
The mean age at the initiation of bracing was 
12.7±1.6 years, the mean initial curve magnitude 
was 31.8°±5.9°, and the mean brace wearing time was 
17.1±12.5 months. The baseline curve types were as 
follows: three (12%) patients had double major curves 
and 22 (88%) patients had a single thoracic curve 
pattern. Overall, 18 patients (72%) had full brace 
compliance (20 to 23 h) and seven (18%) patients had 
partial compliance (16 to 20 h).
Table 1 shows baseline and final measurements 
of the pelvic parameters. According to the results, 
none of the three pelvic parameters were statistically 
significant. According to the statistical analysis, the 
pelvic parameters were not statistically significantly 
different from the baseline values (p>0.05) (Table 1). 
In contrast, the mean spinal parameter values were 
statistically significantly different between the baseline 
and final measurements (p<0.05) (Table 1). In addition, 
the baseline and final measurements of the spinal 
parameters, including the Cobb angle, LL, and TK, 
were statistically significant (Table 2).
Figure 3. The protocol of power analysis for the sample size.
Figure 2. Spinopelvic parameter 
measurements.
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The results of the correlation analysis of the 
variations in the degrees of the spinal parameters with 
regard to the variations in the degrees of the pelvic 
parameters are shown in Table 3. Accordingly, the 
Cobb angle and TK values had strong correlations with 
the PI value, and there was a statistically significant 
relationship between the LL and SS values. However, 
none of the spinal parameters were statistically 
significantly associated with the PT value.
DISCUSSION
Scoliosis changes the spinal column in all three 
anatomical planes; therefore, all of the spinopelvic 
parameters are affected.[14-17] Restoring the balance 
in the spinopelvic parameters is an important aspect 
of AIS treatment. In these patients, the PT and SS 
rotate around the femoral head to regulate the sagittal 
malalignment.[18-20] As the PI value is fixed, the changes 
in the PT and SS values are reversed to maintain the 
consistency of this parameter; however, the PI value 
can be changed by spinopelvic deformities, such as 
scoliosis.[19]
The natural history studies which were performed 
on the AIS were focused on the Cobb angle behavior 
and reported that left untreated scoliosis curves tend to 
progress after skeletal maturity. Thus, the goal of brace 
treatment is to control the curve progression during 
adolescent. However, there is no study which assesses 
the natural history of pelvic parameters in patients 
with untreated scoliosis. The results of the current 
study showed that the Milwaukee brace treatment 
did not have statistically significant effects on the 
TABLE 1
Pelvic parameters at baseline and final measurements
Baseline Final follow-up
Variable Mean±SD Range Mean±SD Range p
PI (°) 49.2±16.4 30-82 51.8±16.0 27-89 0.57
PT (°) 10.9±7.5 0-26 11.1±7.5 2-29 0.29
SS (°) 38.3±10.8 23-62 37.7±8.6 21-53 0.74
SD: Standard deviation; PI: Pelvic incidence; PT: Pelvic tilt, SS: Sacral slope.
TABLE 2
Spinal parameters at baseline and final measurements
Baseline Final follow-up
Variable Mean±SD Range Mean±SD Range p
Cobb angle (°) 31.8±5.9 22-44 22.5±6.9 11-38 <0.001
LL (°) 56.7±8.8 35-75 50.6±9.4 24-68 0.006
TK (°) 55.9±15.3 20-84 38.5±6.4 30-53 <0.001
LL: Lumbar lordosis; TK: Thoracic kyphosis; PT: Pelvic tilt, SS: Sacral slope.
TABLE 3
Correlations between the variations of spinal and pelvic parameters values
Variable Variation of PI Variation of PT Variation of SS



























PI: Pelvic incidence; PT: Pelvic tilt; SS: Sacral slope; LL: Lumbar lordosis; TK: Thoracic kyphosis.
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pelvic parameter values of the AIS patients, although 
it showed statistically significant effects on all of the 
spinal parameter values. Therefore, our hypothesis 
regarding the direct effects of bracing on the pelvic 
parameter values was rejected. In the present study, 
the means pre-brace and in-brace PI values were not 
significantly different due to the bracing. In contrast 
to the results of other studies demonstrating that the 
PI values were greater in AIS patients,[9] the mean of 
the initial PI values in the current study was lower than 
the mean of the final measurements. Moreover, the 
mean initial and final PT and SS values did not change 
significantly; while considering their relationship 
(PI= PT + SS), this makes sense. The Milwaukee 
brace is indicated for the treatment of either single 
or double major scoliosis curve patterns in which the 
apex of the curve is located above to T8.[21] According 
to the Mac-Thiong et al.,[15] there was no significant 
relationship between the curve type and behavior of 
the pelvic parameters. However, further research is 
needed to evaluate the brace-related behavior of pelvic 
parameters in different curve patterns of AIS cases.
The Cobb angle has been used as a main factor to 
determine the brace treatment effectiveness in AIS 
cases. In the present study, the mean degree of curve 
correction was 30% which was statistically significant 
between baseline and final measurements. This result 
is also in line with the study of Katz and Durrani[22] 
which found that a minimum of 25% correction of 
the primary scoliosis curve was needed to predict the 
positive outcome of brace treatment in AIS patients. 
Additionally, the TK and LL are the other spinal 
parameters that are affected by brace treatment, and 
their decreased final value means were the evidence 
of these effects. The LL, as a sagittal spinal parameter, 
is regulated by the TK, and the TK, itself, undergoes 
changes due to the influence of a Milwaukee brace in 
AIS cases.[23,24] According to a previous research, TK 
decreased in AIS patients after brace treatments due 
to decreased LL. The reduction in the mean LL as a 
strategic orthotic maneuver in the brace treatment 
of AIS would lead to a reduction in TK; hence, with 
reduction of TK, the corrective force would be applied 
more effectively on scoliotic curves in these patients.
The skeletal system is a close chain; therefore, 
the changes in one part can alter the normal balance 
of the other parts. The AIS changes in the spinal 
column cause certain changes in the pelvic parameters 
to maintain the sagittal balance of the spinopelvic 
section. The results of the current study showed that, 
in the AIS patients, the LL was correlated with the 
SS and the TK and Cobb angle were associated with 
the PI. These relationships between the spinal and 
pelvic parameters were positive, indicating that, while 
decreasing the LL, Cobb angle, and TK, the SS and PI 
decrease in a corresponding manner after Milwaukee 
bracing. This may be due to the compensatory action 
of the pelvis during brace treatment in AIS patients.[9] 
According to the previously published results, 
the LL, itself, is closely associated with the pelvic 
parameters.[8] Le Huec et al.[20] showed that the LL was 
associated with the sacral plate so that its position 
was affected by the pelvic position. Consequently, 
the pelvic parameters affected the sagittal balance of 
the spine. The results of the study by Vialle et al.,[14] 
who performed a radiographic analysis of the sagittal 
alignment of the spine, revealed that the SS influenced 
the LL,[14] consistent with our study results. Another 
study showed a strong relationship between the LL and 
SS in the surgical correction of AIS cases.[25] However, 
the present study evaluated Milwaukee bracing 
treatments. Wang et al.[26] showed the same correlation 
between the LL and SS as in the current study. Despite 
the results of the present study, Wang et al.[26] found 
that this correlation only occurred in patients with a 
high degree of LL, and they emphasized that all of the 
spinopelvic parameters, except for the TK, exhibited 
significant correlations with the PI. In the current 
study, the TK and Cobb angle exhibited relationships 
with the PI, and the LL was correlated with the SS. 
The relationship found between the LL and SS in 
the current study was consistent with the results of 
previous studies, suggesting that bracing influences 
the SS value in the regulation of the LL due to the 
changes that occur due to the sagittal malalignment in 
AIS cases.[9] Geometrically, the sum of the SS and PT 
values is always equal to the PI value (PI = SS + PT).[14] 
With regard to this relationship and the relationship 
between the LL and SS, the LL value changes caused 
by bracing can alter the PT and PI values.[27] All 
of the studies conducted on the pelvic parameters 
have reported that there are relationships between 
the spinal and pelvic parameters and that the pelvic 
morphology has an influence on the sagittal balance.[8] 
Briefly, the greater the PI, the greater the SS and the 
higher the degree of LL.
According to previously published results, the 
effects of the Milwaukee bracing can be indirectly 
extended to the pelvic parameters.[9] Therefore, while 
wearing a brace to control the progression of scoliosis 
in AIS cases, the TK and LL changes should make 
corresponding changes to the pelvic parameters.[9]
In the present study, the means of all of the spinal 
angles (Cobb, TK, and LL) decreased after the brace 
457Effects of bracing on spinopelvic parameters
treatment. In other words, the bracing did not have 
a direct significant effect on the pelvic parameters, 
but it affected the spinal parameters. Moreover, 
with regard to the positive correlations between the 
variations in the spinal and pelvic parameters, the 
Milwaukee brace treatment effects on the pelvic 
parameters, particularly the PI and SS, cannot be 
underestimated. One of the first studies of the pelvic 
parameters on the regulation of the spinal sagittal 
curve reported that the effects of the pelvic anatomy 
on the sagittal balance were obvious, and that the PI 
was a reliable value for determining the variations 
in the SS and LL.[28] Another study evaluating the 
PI in the prediction of LL proved that there was a 
relationship between the SS and the PI in predicting 
the degree of LL needed to maintain the sagittal 
balance.[27] Based on the results of the current study 
showing the correlations between the Cobb angle 
and TK and PI and between the LL and SS, it can be 
concluded that the pelvic parameters, particularly the 
PI and SS, may be important factors for predicting 
the effectiveness of Milwaukee brace treatments in 
AIS patients.
Nonetheless, the current study has some limitations. 
First, we were unable to measure the cervical sagittal 
parameters, as the craniovertebral junctions of 
the patients were not included in the radiographs. 
However, the Milwaukee brace neck ring can affect 
the cervical parameters of AIS patients. Therefore, 
further research is needed to evaluate the effects of 
the Milwaukee brace on the cervical spine parameters, 
including the C7 or T1 slope, cervical sagittal vertical 
axis, and spine cranial angle.[29] Additionally, at the 
time of data gathering, there were some cases who 
were under treatment and, therefore, the immediate 
effects of bracing were analyzed for them. Although 
previous studies[30,31] showed that there was a significant 
correlation between immediate in-brace correction 
and outcome of brace treatment in AIS, long-term 
studies should be performed to evaluate the effect of 
immediate in-brace changes of pelvic parameters on 
outcome of brace treatment in AIS.
On the other hand, the clinical applications of this 
study are as follows: pelvic parameters, particularly the 
PI and SS, should be evaluated as spinal parameters 
in radiographic periodic evaluations of patients with 
scoliosis. According to the results which showed that 
there were significant relationships between spinal and 
pelvic parameters, we can reference pelvic parameters 
as Cobb angle in the effectiveness of brace treatment 
in AIS patients.
In conclusion, the results of the present study have 
provided additional information about the bracing 
mechanisms of action with regard to the spinopelvic 
parameters in AIS patients. Pelvic parameters, 
particularly the PI and SS, can be evaluated as spinal 
parameters in radiographic periodic evaluations of 
patients with scoliosis.
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